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DESCRIPTION 
CASEIN FRAGMENTS HAVING GRWTH PROMOTING ACTIVITY 

The present invention relates to growth 
promoters . 

It has long been known that milk contains growth 
promoting activity for cells that is additional to its 
nutritional content. Thus, Epidermal Growth Factor 

(EGF) has been identified in human (Shing and 
Klagsbrun, 1984, Petrides, 1985), rat (Raaberg et al, 
1990), swine (Tan et al 1990) and goat (Brown and 
Blakeley, 1983) milk. 

Indeed the EGF present in rat milk has been shown 
to be significant for the normal development of pups 

(Oka et al 1983) . EGF has not, however, been found in 
bovine milk (Read 1985) . Instead insulin-like growth 
factor (IGF) I and II (Francis et al, 1986) and bovine 
colostrum growth factor (BCGF) , which is structurally 
related to Platelet -derived Growth Factor (PDGF) 

(Shing and Klagsbrun, 1984, Brown and Blakeley, i984) , 
have been identified. 

The applicant has surprisingly discovered that 
bovine milk contains growth promoting activity for rat 
mammary fibroblast cell line (Rama 27) , which is not 
significantly stimulated by IGF or PDGF. 

Furthermore, they have identified peptide 
sequences which elicit this growth promoting activity. 
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The invention relates to a peptide or a salt 
thereof comprising an amino acid sequence 
substantially identical to the C-terminal end of the 
or-S2 casein precursor. 

According to a first aspect of the present 
invention there is provided the use of a peptide or a 
salt thereof comprising an amino acid sequence 
substantially identical to the C-terminal end of an a- 
S2 casein precursor, for the manufacture of a 
medicament or foodstuff for promoting growth. 

Whilst whole casein protein shows no growth 
activity, the applicant has identified a number of 
peptides, derived from the C-terminal end of Bovine a- 
S2 casein, which elicit growth promoting activity. 

Indeed, the applicant has shown this growth 
promoting activity to be present in at least peptides 
of 9 to 31 amino acids in length which have been 
derived from the C-terminal end of Bovine a-S2 casein. 
It is reasonable to hypothesise that the natural 
sequence responsible for the growth promoting activity 
is the sequence comprising the last 9 amino acids of 
the C-terminal end or an even shorter sequence from 
within the nine amino acid sequence, possibly an 8 or 
7 amino acid sequence. Indeed, it may be as short as 
a 3 amino acid sequence. 

The bovine cr-S2 casein precursor is characterised 
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in that it has an amino acid sequence: 

(CAS2_BOVTN J ALPHA-S2 CASZIN PHECURSOR- 

SEQOENCE 

HKrrxrrcrx avalaknthe bvssszzsii sqetyxqekn mainpskeml cstfckewr 

NANEEEYSIG SSSEESAEVA TESVKITVDD KEYQKALHEI MQFYQKFPOY LQYLYQGPIV , 
LNPWDQVKRN AtfPITPTLNR EQLSTSEENS F3TVDMESTE VFEKXTKLTE EEKNHLNFLX 
KISQRYQKFA LPQYLXTVYQ HQKAMKPWIQ PKTKVIPYVR YL 



In three letter codes this translates to: 



[CAS2 BOVDT1 ALPHA- S2 CASK TH PRECURSOR. 
SEQUENCE 

Me t Ly s PhePhe Tie £heThrCy sLeuLeu 
AlaValAlaLeuAlaLeuAsnThrMetGlu 

HisValSerSerSerGluGluSerllelle 
SerGlnGluThrTyrLysGlnGluLysAsn 

Me tAlal leAsnProSerLysGluAsnLeu 
CysSerThrPheCysLysGluValValArg 

AsnAlaAsnGluGluGluTyrSer I leGly 
SerSerSerGluGluSerAlaGluValAla 

ThrGluGluValLys 1 1 eThrValAspAsp 
LysHisTyrGlnLysAlaLeuAsnGluIle 

AsnG In PheTyrGlnLy s Phe ProGlnTyr 
LeuGlnTyrLeuTyrGlnGlyProIleVal 

LeuAsnProTrpAspGlnValLysArgAsn 
AlaValPro I leThr ProThrLeuAsnArg 

GluGlnLeuSerThrSerGluGluAsnSer 
LysLysThrValAspMetGluSerThrGlu 

ValPheThrLysLysThrLysLeuThrGlu 
GluGluLysAsnArgLeuAsnPheLeuLys 

Lys I leSerGlnArgTyrGlnLysPheAla 
LeuProGlnTyrLeuLysThrValTyrGln 

HisGlnLysAlaMetLysProTrpIleGln 
ProLysThrLysVal I leProTyrValArg 

TyrLeu 
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The applicant has found that short peptide 
sequences incorporating the C- terminal sequence 
-LysVallleProTyxValArgTyrLeu show growth promoting 
activity. 

According to a second aspect of the present 
invention there is provided a growth factor comprising 
the amino acid sequence -LysVallleProTyrValArgTyrLeu 

Furthermore, comparison of , for example, the last 
20 amino acids of the C- terminal sequence for bovine 
Qf-S2 casein with those for goat, and sheep shows a 
high degree of homology as does to a lesser extent the 
C- terminal amino acid sequence of rabbit and pig a-S2 
casein 

The sequences for these are set out below. 



fCAS2_CAPH2J ALPHA- 52 CJlSZIV PRECURSOR ( ALPHA-S2-OI) . 
SEQUENCE 

" ""fiKFFIFTCLL AVALAKHKME cVSSSEEPIT: IFQEXYKQEK NM&XHPRXEK LCTTSCEEW 
RNANEEEYSI RSSSEESAEV APEEIKITVD DKHYQKALNE XNQTYQKFPQ YLQYPYQGPI 
VLNFWDQVKR NAGPFTPTVN RcQLSTSEEK SKKTIDMEST EVFTKXTKLT EEEKNRLNFL 
KKXSQYYQKF AWPQYLKTVD QHQKAMKPWT QPK T NA IPYV RTL 



>pir|S33881 (S33881 alphas2 -casein E - goac 

MKFFIFTCLL AVALAKHKME HVSSSEEPi:: IFQEIYKQEK NMAIHPHKEK LCTTSCEEW 
RNANEEEYSI RSSSEESAKV APEEIrtlTTT. DKHYQKALNE INQ FYQKFP Q YLQYFYQGFI 
VLNFWDQVKR NAGPFTPTVN REQLSTSEEN SKKTIDMEST EVFTKKTKLT EEEKNRLNFL 
KKISQYYQKF AWPQYLKTVD QHQKAMKPW? QPKTNAIPYV RYL 223 



>gp|S74171|S74171_l alpha s2-caaeic Z [Capra hircus] 

MKFFIFTCLL AVALAKHKME HVSSSEZPi:; IFQEIYKQEK NMAIHPRKEK LCTTSCEEW 
RNANEEEYSI RSSSEESAgV APEEIKITVD DKHYQKALNE INQFYQKFPQ YLQYPYQGPI 
VLNPWDQVKR NAGPFTPTVN REQLSTSEEN SKKTIDMEST EVTTKKTKLT EEEKNRLNFL 
KIISQYYQKF AWPQYLKTVD QHQKAMKPWT QPKTNAIPYV RYL 223 
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>oirlS39776|S39776 alpna-S2 -casein form b precursor -."bbxt 
PXr,S ' >gp |X76909 1 0CPAS23CS_1 pre-alpfaa S2b casexn (AA -15 to 167) 

[Oryctolagus cusiculus) 

MKFHRCLL AVAIAKPKIE QSSSESTIAV SQEVSPNLEN ICSTACOEPI KHXBBWTVB 
YQKVNLLQYL QALYQTPTVM DPWTRAETKA IFPTRTKOTX OEKDOTTS 
S SSI 3£S*« QYTfQKFVTPQ WTO!** THHPWHVXT IHQSVPTI. 179 



[CAS2_SHEEP] ALP HA- S 2 CASEIN PRECURSOR. 

SEQ ° E ISyirrcLi. avalakhkke hvssseepin isqeitojek hhaihsotek ^s^vv 

RHMEZETSI RSSSEESAEV A=EEVXITVD DXHYQKALHZ JUQTTQSTPQ TLOIUTOGPI 
?LHPWKR HAGPrTPTVM REQLSTSEEN S30CTIDM5ST SVinUUS TTHTBHT i Wrn 
KXISQYYQKT AHPQYLKTVD QHQKAMKPWT QFKXHAIPTV ML 



(CAS2_PICJ ALPHA- S 2 CASEIN PRECURSOR . 

SEQUENCE ♦Kimepwwr 

HKrTirrCLL AVAFAKHEHE eVSSSZSSIN ISQEKTKQEK HVXHKPSCED Kteau*£r 
niJIKEVGYAS SSSSTESVDI PAENVKVTVE DKHYLXQLEK tSOTT^ ggggg 
imMPUlllBTT SAYPTCPTVI QSGESLSTSE EPVSSSOBBH TKTVDMESME ETTSXXEBXR 

S^SSS SSSSrr Spqyiktvhq eqkakkpiwh hcthstqup mr 
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In three letter code these translate to: 



[CA52 CAPH1] ALPHA- S 2 CASEIN PRECURSOR (A^ptta-c? . 

SEOUENCE * 2 

Me tLy s Phe 1 1 ePhePheThr CysLeuLeu 
AlaValAlaLeuAlaLysHisLysMetGlu 

HisValSerSerSerGlyGlyProIIeAsn 
1 1 ePheGlnGluI 1 eTyrLysGlnGluLys 

AsnMe t Al a 1 1 eHi s ProArgLysGluLy s 
LeuCysThrThrSerCysGluGluValVal 

ArgAsnAlaAsnGluGluGluTyrSerlle 
ArgSerSerSerGluGluSerAlaGluVal 

Al aProGluGluI leLys I leThrValAsp 
AspLysHisTyrGlnLysAlaLeuAsnGlu 

1 1 eAsnGlnPheTyrGlnLysPheProGln 
TyrLeuGlnTyrProTyrGlnGlyProI Ie 

ValLeuAsnProTrpAspGlnValLysArg 
AsnAlaGlyProPheThrProThrValAsn 

ArgGluGlnLeuSerThrSerGluGluAsn 
SerLysLysThrlleAspMetGluSerThr 

GluVal PheThrLysLysThrLysLeuThr 
GluGluGluLysAsnArgLeuAsnPheLeu 

LysLysI leSerGlnTyrTyrGlnLysPhe 
AlaTrpProGlnTyrLeuLysThrValAsp 

GlnHisGlnLysAlaMetLysProTrpThr 
GlnProLysThrAsnAlalleProTyrVal 

ArgTyrLeu 
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>pir/S33881/S33881 alpha S2 -casein E goat 

MetLysPhePhellePheThrCysLeuLeu 

AlaValAlaLeuAlaLysHisLysMetGlu 

HisValSerSerSerGluGluProIleAsn 

iiePheGlnGluIleTyxLysGlnGluLys 

AsnMe tAla 1 1 eHis ProArgLysGluLy s 

LeuCysThrThrSerCysGluGluValVal 

ArgAsnAlaAsnGluGluGluTyrSer I le 

ArgSerSerSerGluGluSerAlaLysVal 

AlaProGluGluI leLys I leThrValAsp 

AspLysHisTyrGlnLysAlaLeuAsnGlu 

I leAsnGlnPheTyrGlnLysPheProGln 

TyrLeuGlnTyrProTyrGlnGlyProIle 

ValLeuAsnProTrpAspGlnValLysArg 

AsnAlaGlyProPheThrProThrValAsn 

ArgGluGlnLeuSerThrSerGluGluAsn 

SerLysLysThrlleAspMetGluSerThr 

GluValPheThrLysLysThrLysLeuThr 

GluGluGluLysAsnArgLeuAsnPheLeu 

LysLys I leSerGlnTyrTyrGlnLysPhe 

AlaTrpProGlnTyrLeuLysThrValAsp 

GlnHisGlnLysAlaMetLysProTrpThr 

GlnProLysThrAsnAlalleProTyrVal 

ArgTyrLeu 223 

>pir/S74171/S74171 1 alpha S2 -casein C [Capra hircus] 

MetLysPhePhellePheThrCysLeuLeu 

AlaValAlaLeuAlaLysHisLysMetGlu 

HisValSerSerSerGluGluProLIeAsn 

I lePheGlnGluI leTyrLysGlnGluLys 

AsnMetAlalleHisProArgLysGluLys 

LeuCysThrThrSerCysGluGluValVal 

ArgAsnAlaAsnGluGluGluTyrSerlle 

ArgSerSerSerGluGluSerAlaGluVal 

AlaProGluGluI leLy s I leThrValAsp 

AspLysHisTyrGlnLysAlaLeuAsnGlu 

I leAsnGlnPheTyrGlnLys Phe ProGln 

TyrLeuGlnTyrProTyrGlnGlyProIle 

ValLeuAsnProTrpAspGlnValLysArg 

AsnAlaGlyProPheThrProThrValAsn 

ArgGluGlnLeuSerThrSerGluGluAsn 

SerLysLysThrlleAspMetGluSerThr 

GluValPheThrLysLysThrLysLeuThr 

GluGluGluLysAsnArgLeuAsnPheLeu 

Lys I le I leSerGlnTyrTyrGlnLysPhe 

AlaTrpProGlnTyrLeuLysThrValAsp 

GlnHisGlnLysAlaMetLysProTrpThr 

GlnProLysThrAsnAlalleProTyrVal 

ArgTyrLeu 223 
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>pir/S39776/S39776 alpha -S2- Casein form b precursor - 
rabbit 

>gp/X76909/OCPAS2BCS 1 pre -alpha S"b casein (AA 
-15 to 167) 

[Oryctolagus cuniculus] 



MetLysPhePhellePheThrCysLeuLeu 

Ala Va 1A1 aLeuAl aLy s ProLy s IleGlu 

GlnSerSerSerGluGluThr I leAlaVal 

SerGlnGluValSerProAsnLeuGluAsn 

IleCysSerThrAlaCysGluGluProIle 

LysAsnlleAsnGluValGluTyrValGlu 

Va 1 ProThrGlu I leLysAspGlnGluPhe 

TyrGlnLy s Va LAsnLeuLeuGlnTyr Leu 

GlnAlaLeuTyrGlnTyrProThrValMet 

AspProTrpThrArgAlaGluThrLysAla 

I leProPhe I leArgThrMe tGlnTyrLys 

G InGluLy sAspAl aThrLy sHisThrSe r 

GlnLysThrGluLeuThrGluGluGluLys 

AlaPheLeuLysTyrLeuAspGluMetLys 

GlnTyrTyrGlnLysPheValPheProGln 

TyrLeuLysAsnAlaHisHisPheGlnLys 

ThrMetAsnProTrpAsnHisValLysThr 

I lei leTyrGlnSerValProThrLeu 

179 

[CAS2 SHEEP] ALPHA -S2 CASEIN PRECURSOR 
SEQUENCE. 

MetLysPhePhellePheThrCysLeuLeu 
AlaValAlaLeuAlaLysHisLysMetGlu 
HisValSerSerSerGluGluProIleAsn 
I leSerGlnGluLIeTyrLysGlnGluLys 
AsnMe tAl a I leHi s Pr oArgLy sGluLys 
LeuCysThrThrSerCysGluGluValVal 
ArgAsnAlaAspGluGluGluTyrSerlle 
ArgSerSerSerGluGluSerAlaGluVal 
AlaProGluGluValLysLIeThrValAsp 
AspLysHisTyrGlnLysAlaLeuAsnGlu 
I leAsnGlnPheTyrGlnLysPheProGln 
TyrLeuGlnTyrLeuTyrGlnGlyProIle 
ValLeuAsnProTrpAspGlnValLysArg 
AsnAlaGlyProPheThrProThrValAsn 
ArgGluGlnLeuSerThrSerGluGluAsn 
SerLysLysThrlleAspMetGluSerThr 
GluVal PheThrLysLy sThrLysLeuThr 
GluGluGluLysAsnArgLeuAsnPheLeu 
LysLysIleSerGlnTyrTyrGlnLysPhe 
AlaTrpProGlnTyrLeuLysThrValAsp 
GlnHisGlnLysAlaMetLysProTrpThr 
GlnProLysThrAsnAla I leProTyrVal 
ArgTyrLeu 
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[CAS 2 PIG] ALPHA- S2 CASEIN PRECURSOR. 
SEQUENCE 

MetLysPhePhellePheThrCysLeuLeu 
AlaValAlaPheAlaLysHisGluMetGlu 
HisValSerSerSErGluGluSerlleAsp 
I leSerGlnGluLysTyr LysGlnGluLys 
AsnVallleAsnHisProSerLysGlnAsp 
IleCysAlaThrSerCysGluGluAlaVal 
ArgAsnl leLysGluValGluTyrAlaSer 
SerSerSerSerGluGluSerValAspIle 
ProAlaGluAsnValLysValThrValGlu 
AspLysHisTyrLeuLysGlnLeuGluLys 
IleSerGlnPheTyrGlnLysPheProGln 
TyrLeuGlnAlaLeuTyrGlnAlaGlnlle 
ValMetAsnProTrpAspGlnThrLysThr 
SerAlaTyrProPhe I leProThrVal I le 
GlnSerGlyGluGluLeuSerThrSerGlu 
GluProValSerSerSerGlnGluGluAsn 
ThrLysThrValAspMetGluSerMetGlu 
GluPheThrLysLysThrGluLeuThrGlu 
GluGluLy s AsnArgLI e Ly s PheLeuAsn 
LysLIeLysGlnTyrTyrGlnLysPheThr 
TrpProGlnTyrlleLysThrValHisGln 
LysGlnLysAlaMetLysProTrpAsnHis 
IleLysThrAsnSerTyrGlnllellePro 
AsnLeuArgTyrPhe 
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It will be apparent from this that the C-terminal 
sequence can vary from species to species and that 
consequently whilst the preferred sequences comprise 
those derived from the C-terminal end of the bovine a- 
S2 casein those of the other species might be used. 

Furthermore, due to the similar nature of some 
amino acids it is possible that minor substitutions 
may have little effect on the functioning of the 
sequence . 

Thus, for example, Leucine, isoleucine and valine 
may be interchanged. Tyrosine and phenylalanine may 
be interchanged, and arginine and lysine may be 
interchanged 

The significance of the discovery is that a 
peptide supplement which can promote growth can be 
added to food or drink products, for both human or 
animal consumpt ion . 

According to a further aspect of the present 
invention there is provided a food or drink product 
comprising a peptide or salt thereof of the invention. 

Preferably the food or drink product is an infant 
formula or an animal feed. It may be in liquid or 
powder form. 

Whilst it is possible to synthetically produce 
peptides according to the present invention it would 
be desirable to produce the peptide in situ from cows 
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milk. 

According to a further aspect of the present 
invention milk is treated with an enzyme to break the 
casein in the milk into smaller fragments containing 
the active peptide or a salt thereof of the invention. 

Preferably the enzyme is a protease and more 
particularly one which cleaves lysine cross-bonds. 
More preferably still it is plasmin or trypsin. 

The invention will be further described by way of 
example only with reference to the following examples : 

EXAMPLE 1 

The growth promoting activity of different milk 
types was determined by precipitating caseins and 
assaying the supernatants for their ability to 
stimulate the incorporation of [3H] thymidine into the 
DNA of Rama 27 cells by known methodology (Smith et 
al, 1984) . 

The results of the tests are illustrated in Fig 
1. which shows the growth-promoting activity of 
different milk types. Three sorts of commercial milks 
were acidified to precipitate the caseins and assayed 
for their growth promoting activity. The greatest 
activity was found in semi-skimmed milk. SDM (step 

down medium) represents the negative control and FCS 
(foetal calf serum) represents the positive control. 



WO 97/16460 



PCT/GB96/02658 



-12- 

EXAMPLE 2 

5 litres of semi-skimmed milk was made to pH 3.0 
with HC1 and left for 2 hours at 4°C. It was 
centrifuged in a Sorvall RC5B centrifuge at 9000 rpm 
in a GS3 rotor for 40 min, and the supernatant 
(approximately 3.6 litres) was poured through glass 
wool to remove fat. Solid (NH 4 ) 2 S0 4 was added slowly 
to the supernatant with stirring at 4°C to a 
concentration of 22% (w/v) , and was left for 2 hours 
at 4°C without stirring. Precipitated protein was 
removed by centrifugation as above. To the 
supernatant was added further (NH 4 ) 2 S0 4 to a 
concentration of 35% (w/v) and the precipitate 
recovered as above. The precipitate was redissolved 
in 1600ml distilled water and dialyzed against running 
tap water overnight, then against 20mM NaH2PO 4 ,pH6.0, 
for 8 hours. 

The active fractions were obtained using a series 
of chromatographic techniques as outlined in (i) to 
(iv) below: 

(i) The active fraction prepared as above was 
subjected to CM-Sepharose chromatography. It was 
added to a column of CM-Sepharose (10cm x 5cm id, 
Pharmacia) that had been pre -equilibrated with 20mM 
Sodium phosphate buffer pH6.0. After loading, the 
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column was washed with 500ml of 50mM NaCl in the same 
buffer. Protein was eluted with a 1500ml linear 
gradient of 0.1 to 0.7M NaCl in 20mM sodium phosphate 
buffer pH 6.0. The bioactive fractions eluted at 
0.28M NaCl and approximately 0.4M NaCl - see Fig. 2. 
In Fig 2 the upper panel shows the absorbance of the 
protein at 280nm and the lower panel shows the 
activity (The incorporation of **H- thymidine into 
DNA) . The sample was from material precipitating 
between 22 to 35% (NH 4 ) 2 S0 4 . After being redissolved 
and dialyzed it was loaded into the column (10 cm x 5 
cm) with 0.05 M NaCl in 20mM NaH 2 P0 4 , pH 6.0. The 
eluting gradient was 0.1-0.7 M NaCl in 20 mM 
NaH 2 P0 4 ,pH6. The flowrate was 5ml/min, the fraction 
size was 25 ml each. Two activities eluted at 0.28 M 
NaCl and 0.34-0.45 M NaCl respectively. The high 
absorbance at 280 nm at the beginning of the trace 
indicates the amount of unbound protein. The 
fraction-eluted at 0.28 M NaCl was used for further 
pur i f i cat ion . 

(ii) The active fractions from the above separation 
were subjected to hydrophobic interaction 
chromatography. It was made 3.7M with NaCl in 20mM 
NaH 2 P0 4 , pH6.5, and applied to a butyl Sepharose 
column (8.6 cm x 2.5 cm id) that had been pre- 
equilibrated with 4M NaCl in 20mM NaH 2 P0 4 , pH6 . 5 . 
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Protein was eluted with a decreasing gradient of NaCl 
as indicated in Fig 3. In Fig. 3 the upper panel 
shows the absorbance of the protein at 280 nm and the 
lower panel shows the activity (The incorporation of 
3 H- thymidine into DNA) . The sample was from the early 
activity after CM-Sepharose chromatography. The 
column (2.5 cm x 8.6 cm, butyl bonded Sepharose) had 
been equilibrated with 4 M NaCl in 20 mM NaH 2 P0 4 , pH 
6.5. The flowrate was 3.5 ml/min and fraction size 
was 3.5 ml. The activity eluted at 1.6 M NaCl, just 
before the major protein peak. 
(iii)The active fractions from the 
hydrophobic interaction column were subjected to 
Reversed Phased HPLC-1 chromatography. It was applied 
in 8 batches to a butyl reversed phase column 
(Brownlee, 300A pore size, 7/xm particle size, 25cm x 
4.6mm id) that had been pre -equilibrated with 0.1% 
TFA. After washing the column with 0.1% TFA, protein 
was eluted with a gradient of ace tonit rile (far uv 
grade, Rathburns, Walkerburn, Scotland) as indicated 
in Fig 4. In Fig. 4 the upper panel shows the 
absorbance of the protein at 214 nm and the lower 
panel shows the activity (The incorporation of 3 H- 
thymidine into DNA) . The sample was from the activity 
after hydrophobic interaction chromatography. The 
column (250 cm x 4.6 mm, C4) had been equilibrated 
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with 0.1% TFA. The flow rate was 0.7 ml/min and 
fraction size was 0.7 ml. The eluting gradient was 10 
to 30% acetonitrile in 0.1% TFA in 30 min. The 
activity eluted at 23% acetonitrile. 
(iv) The active fractions were then subjected to 
reversed phase HPLC-2 chromatography. The mitogenic 
fractions from all 8 batches of the above reversed 
phase chromatograms were pooled and concentrated on a 
centrifugal drier to a total volume of 100/il. This 
concentrated material was loaded onto a C16 reversed 
phase column (ODS ultrasphere, Beckman) which had been 
pre -equilibrated with 0.1% TFA, and was eluted with a 
shallow gradient of 20 to 40% acetonitrile, 0.1% TFA 
over 45 min, at a flow rate of 0.2ml/min. Absorbance 
was monitored at 214nm, and material from each peak of 
absorbance was collected separately by hand - see Fig 
5. In Fig. 5 the upper panel shows the absorbance of 
the protein at 214 nm and the lower panel shows the 
activity (The incorporation of 3 H- thymidine into DNA) . 
The sample was from the activity after reversed phase 
HPLC-1. The column (ODS) had been equilibrated with 
0.1% TFA. The flowrate was 0.2 ml/min. Each 
absorption peak at 214 nm was collected manually. The 
eluting gradient was 20 to 40% acetonitrile in 0.1% 
TFA in 45 min. The peaks A,B,C (arrows) were all 
active . 
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The purified proteins (peaks A,B,C) obtained in 
step (iv) were then analysed. 

Protein content was measured by the binding of 
Coomassie Blue according to the Bio-Rad protocol, 
using bovine gamma globulin as standard. Peptide 
quantification of fractions separated by HPLC was by 
their absorbance at 214nm, using cytochrome c and 
lysozyme as standards. 

The protein fractions A,B,C, of the casein 
digest where assayed for their ability to stimulate 
the incorporation of [3H] thymidine into the DNA of 
Rama 27 cells exactly as described previously. 

The results are illustrated in Table 1 which 
shows the growth promoting activity of progressively 
purified fractions of a-S2 casein. 

The peptides from the peaks B and C of reversed 
phase HPLC- 2 were then sequenced. They were found to 
be a nested series of sequences of 5 peptides. They 
corresponded to the C- terminus of bovine cr-S2 casein. 
The peak C was solely ThrLysVallleProTyrValArgTyrLeu, 
the other sequences were from peak B. 

The sequences of the peaks are identified below; 
Sequence 1 LysVallleProTyrValArgTyrLeu (peak B) 

Sequence 2 ThrLysVallleProTyrValArgTyrLeu (peak C) 
Sequence 3 LysThrLysVallleProTyrValArgTyrLeu (peak B) 
Sequence 4 
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Al aMe t Ly s ProTrp 1 1 eGl nProLysThrLys Va 1 1 1 e ProTyrVa lArgTyrLeu 
(peak B) 
Sequence 5 

ProGlnTyrLeuLysThrValTyrGlnHisGlnLysAl aMe tLys ProTrp I IeGlnPro 
LysThrLysVallleProTyrValArgTyrLeu (peak B) 

To ascertain that the activity was not due to 
impurities identical peptide sequences were 
synthesized on a Milligen/Biosearch 9050 peptide 
synthesizer (Millipore, Watford) using Fmoc chemistry 
and pentaf luorophenyl esters according to the standard 
protocol . 

Of these initially only 
LysVallleProTyrValArgTyrLeu showed bioactivity, but 
after storage in PBS all the peptides acquired a low 
level of mitogenicity. The activity of 
LysVallleProTyrValArgTyrLeu was substantially 
increased when maintained at alkaline pH. By way of 
contrast alpha-casein was inactive in the mitogenic 
assay. On digestion with trypsin, activity in the 
assay was generated, which was separable by reversed 
phase HPLC from that due to trypsin itself. 

The example described herein demonstrates that 
the growth factor activity of milk is largely due to 
C-terminal fragments of cr-S2 casein. 

Given the activity of the peptide it is expected 
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that the addition of from 0.1/xg to 10/xg, more 
particularly about 1 /ig of peptide to 250g of feed or 
drink will provide good growth promotion activity. 

However, in order to maintain the activity the 
synthetic peptides should be stored in alkaline 
conditions, preferably at about pH 13. 
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SEQUENCE LISTING 



SEQUENCE I.D. No 1 



LENGTH: 



9 amino acids 



TYPE: 



Amino acid 



SEQUENCE : Lys Va 111 e ProTyr ValArgTyr Leu 



SEQUENCE I.D. No 2 



LENGTH: 10 amino acids 



TYPE: 



Amino acids 



SEQUENCE : ThrLys Va 1 1 1 e ProTyxVa lAr gTyrLeu 

SEQUENCE I.D. No 3 
LENGTH: 11 amino acids 
TYPE: Amino acids 

SEQUENCE : LysThrLys Val I Ie ProTyr Va lArgTyrLeu 

SEQUENCE I.D. No 4 
LENGTH: 19 amino acids 
TYPE: Amino acids 
SEQUENCE : 

AlaMetLysProTrpI IeGlnProLysThrLys Vail IeProTyrValArgTyrLeu 
SEQUENCE I.D. No 5 
LENGTH: 31 amino acids • 
TYPE: Amino acids 
SEQUENCE : 

ProGlnTyrLeiiLysThrValTyrGlnHisGlnLysAlc^etLysProTrpIIeGlnPro 
LysThrLysVall IeProTyrValArgTyrLeu 
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CLAIMS 

1. Use of a peptide or a salt thereof comprising 
an amino acid sequence substantially identical to the 
C- terminal end of an or-S2 casein precursor, for the 
manufacture of a medicament or foodstuff for promoting 
growth. 

2. Use of a peptide as claimed in claim 1, 
wherein the peptide is derived from bovine, goat, 
sheep, rabbit or pig a-S2 casein or is a synthesised 
equivalent or homologue thereof. 

3. Use of a peptide as claimed in claim 2, 
wherein the peptide is derived from bovine a-S2 casein 
or is a synthesised equivalent or homologue thereof. 

4. Use of a peptide as claimed in any of the 
preceding claims, in which the peptide comprises from 
9 to 31 amino acids. 

5. Use of a peptide as claimed in any of the 
preceding claims, in which the peptide comprises 9 
amino acids. 

6. Use of a peptide as claimed in any of the 
preceding claims comprising the amino acid sequence: 

LysVall leProTyrValArgTyrLeu 
or a homologue thereof. 

7. Use of a peptide as claimed in any of claims 
2 to 6, in which the homologues comprise peptides in 
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which: 

i) one or more of the amino acids Leu, lie and 
Val are replaced by one another; 

ii) one or more of the amino acids Tyr and Phe 
are replaced by one another; and/or 

iii) one or more of the amino acids Arg and Lys 
are replaced by one another. 

8. Use of a peptide as claimed in any of claims 
1 to 7, in which the peptide has the sequence: 
LysVallleProTyrValArgTyrLeu . 

9. Use of a peptide as claimed in any of claims 
1 to 7 in which the peptide has the sequence: 
ThrLysVallleProTyrValArgTyrLeu . 

10 . Use of a peptide as claimed in any of claims 
1 to 7 in which the peptide has the sequence: 
LysThrLysVallleProTyrValArgTyrLeu . 

11. Use of a peptide as claimed in any of 
claims 1 to 7 in which the peptide has the sequence: 
AlaMe tLysProTrpI leGlnProLysThrLys Val I leProTyrValArgTyrLeu . 

12. Use of a peptide as claimed in any of claims 
1 to 7 in which the peptide have the sequence: 
ProGlnTyrLeuLysThrValTyrGlnHisGlnLysAlaMetLysProTrpIleGlnPro 
LysThrLysVallleProTyrValArgTyrLeu . 

13 . Use of a peptide as claimed in any of the 
preceding claims in which foodstuff is an infant 
formula or an animal feed. 
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14. Use of a peptide as claimed in any of the 
preceding claims in which the medicament or foodstuff 
is a liquid or powder . 

15. Use of a peptide as claimed in any of the 
preceding claims, in which the medicament or foodstuff 
comprises whole milk or semi -skimmed milk. 

16. Use of a peptide as claimed in any of the 
preceding claims, in which the medicament or foodstuff 
has an alkaline pH. 

17. Use of a peptide as claimed in any of the 
preceding claims, in which the peptide is present in 
an effective amount. 

18. Use of a peptide as claimed in claim 17, 
wherein the effective amount is 0.1 to lOfig to 250g of 
medicament or foodstuff. 

19. A food or drink product comprising a peptide 
or a salt thereof comprising an amino acid sequence 
substantially identical to the C-terminal end of an cr- 
S2 casein precursor. 

20. A method of producing a medicament or 
foodstuff comprising a growth promoting peptide 
comprises treating milk with an enzyme to break milk 
casein present in the milk into one or more peptides 
comprising an amino acid sequence substantially 
identical to the C-terminal end of the or-S2 casein 
precursor . 
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The scope of the claims 1-5 is unclear and speculative. The claims 1-3 lack any 
indication concerning the (minimal) size of the peptide, e.g. even include dipeptides. 
Moreover expressions like "substantial identical" (claim 1) and "homologue" (claims 2 
and 3) cannot be considered to be clear and concise definitions of patentable subject- 
matter, especially not in combination with an insufficient structural definition (Art.6 
PCT). 

Furthermore the available experimental data actually only comprise a very small part 
of the compounds claimed, which part is moreover not evenly distributed over the whole 
claimed area. Therefore the claims can also not be considered to represent a 
permissible generalisation which is fairly based on experimental evidence, that is, they 
are also not adequately supported by the description (Art.6 PCT). 
Therefore a meaningful and economically feasible search could not encompass the 
complete subject-matter of the claims. Consequently the search has been limited to the 
use of the actually synthesised compounds and (closely) related analogs, that is the 
compounds encompassed by the claims 6-12 having a length from 9-31 amino acids, 
and extended to analogous compounds originating from the other species mentioned 
in the description. (Art.17(2)(a)(ii) PCT). 
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